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(54) Automobile running control system lor optimum inter-vehicle spacing 

(57) An automobile running control system having 
„Fast follow-up" (204) and „Slow follow-up" modes (205) 
controls so that the automobile (400) may cruise at an 
optimum car-to-car space between the automobile 
(400) and an object which is selected among those 
detected and faster than a preset ground velocity in the 
„Fast follow-up" mode (204). When the fast follow-up 
velocity of the automobile (400) falls under the preset 
velocity, the system automatically enters the „Slow fol- 
low-up" mode (205). 
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Description 

DETAILED DESCRIPTION OF THE INVENTION 
BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a running 
control system of an automobile which runs the automo- 
bile at an optimum velocity and space relative to a fore- 
running vehicle. 

Related Background Art 

[0002] Conventionally, a great many efforts and 
practices have been made to develop component for 
cruising automobiles at constant velocities and constant 
car-to-car spaces to simplify driving operations. For 
example, Japanese Non-examined Patent Publication 
No. 7-47862 (1995) has disclosed a system which ena- 
bles an automobile to cruise at a preset velocity or at an 
optimum car-to-car space without the driver's foot on 
the accelerator pedal. 

[0003] Further, Japanese Non-examined Patent 
Publications No.7-225893 (1995) and No.9-71154 
(1997) have disclosed systems which automatically 
start and stop automobiles, freeing the drivers from fre- 
quent operations of the brake pedal and the accelerator 
pedal while the automobile is running slowly. Further- 
more, Japanese Non-examined Patent Publication 
No.1 0-1 66898 (1998) has disclosed a system which 
has two cruising modes (slow cruising mode and fast 
cruising mode) and switches between these modes to 
accomplish fast cruising at a preset car-to-car space 
and low cruising in heavy traffic conditions. 
[0004] However, the conventional car-to-car space 
control systems have been designed to calculate an 
optimum car-to-car space from the velocities of the cur- 
rent and forerunning automobiles. Therefore, for exam- 
ple when finding a stationary object ahead, the 
automobile running at a high speed must reduce its 
velocity much earlier to keep an optimum space from 
the stationary object. 

[0005] Further, when finding a stationary automo- 
bile ahead, the automobile running in the slow follow-up 
mode must control running to keep an optimum space 
from the stationary automobile. 
[0006] Further, almost all drivers have wanted eas- 
ier and simpler driving operations in all driving ranges. 

SUMMARY OF THE INVENTION 

[0007] The main purpose of the present invention is 
to provide a running control system for an automobile 
which enables cruising at an optimum car-to-car space 
by simple and easy driving operations in any driving 
range (from slow running in a heavy traffic status to fast 



running). 

[0008] The aforesaid purpose can be accomplished 
by a running control system comprising nearby-object 
detecting component for detecting an object ahead of 

5 the automobile and calculating the space between the 
automobile and the object and the relative velocity of the 
object, component for detecting the velocity of the auto- 
mobile, and component for automatically controlling the 
velocity of the automobile; wherein said running control 

10 system has at least two cruising modes such as a slow 
follow-up mode and a fast follow-up mode and lets said 
velocity controlling component control the velocity of the 
automobile to keep a preset constant space between 
the automobile and an object detected by said nearby 

is object detecting component in the slow follow-up mode 
or to keep a preset constant space between the auto- 
mobile and only one of objects detected by said nearby 
object detecting component that is faster than a preset 
ground velocity in the fast follow-up mode. 

20 [0009] Furtherthe purpose can be accomplished by 
a running control system which can automatically switch 
to the slow follow-up mode when the target velocity of 
the fast-running automobile goes under a preset veloc- 
ity and cancel the maximum velocity in the slow follow- 

25 up mode manually by the driver. 

[0010] In accordance with the present invention, an 
automobile running control system having "Fast follow- 
up" and "Slow follow-up" modes can cruise the automo- 
bile at an optimum car-to-car space in all running 

30 ranges (from slow cruising in a heavy traffic condition to 
fast cruising) by controlling the velocity of the automo- 
bile so that the current automobile may keep an opti- 
mum space from the detected forerunning object which 
is faster than the preset ground velocity in the "Fast fol- 

35 low-up" mode. When the fast follow-up velocity of the 
automobile falls under the preset velocity, the system 
automatically enters the "Slow follow-up" mode, which 
reduces the driver's burden. 

[0011] Further, the safety and convenience of the 
40 automobile can be improved and assured when the sys- 
tem is equipped with a means which suppresses cruis- 
ing at a velocity higher than a preset velocity limit when 
the target velocity goes higher than the preset velocity 
limit and enables manual cancellation of cruising at a 
45 high-limit velocity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

50 

Fig. 1 is a schematic diagram of an automobile run- 
ning control system which is a first preferred 
embodiment of the present invention. 
Fig. 2 shows the transition of states of the system 
55 given in Fig. 1 . 

Fig. 3 shows relationships of respective setting 
means, operating status, and signal symbols in Fig. 
1 and Fig. 2. 
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Fig. 4 is a roadway model of the first embodiment 
having objects to be detected. 
Fig. 5 graphically shows the relationship between 
the ground velocity of a nearby object and the car- 
to-car space. 

Fig. 6 shows a process flowchart of the target iden- 
tifying means of the first embodiment. 
Fig. 7 shows a process flowchart of the target iden- 
tifying means of the other embodiment. 
Fig. 8 shows a process flowchart in the "Fast follow- 
up" mode of the first embodiment. 
Fig. 9 shows a process flowchart in the "Slow fol- 
low-up" mode of the first embodiment. 
Fig. 10 shows a process flowchart in the "Running 
at a maximum slow velocity " mode of the first 
embodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0013] A first embodiment of the present invention 
will be described in detail below, referring to Fig. 1 
through Fig. 9. 

[0014] Fig. 1 is a schematic diagram of a running 
control system of an automobile which is the first pre- 
ferred embodiment of the present invention. Said sys- 
tem comprises a running control means 1 01 , a distance 
measuring means 102 which measures the distance 
between the automobile and each of nearby objects 
(including a forerunning automobile) and the relative 
velocity of the object, a target identifying means 120 
which receives information of objects (targets) from the 
distance measuring means 102 and identifies objects, a 
throttle controlling means 103 which controls opening 
and closing of the throttle, a throttle driving means 1 07, 
an automatic transmission controlling means 104 which 
controls the positions of gears in the automatic trans- 
mission, an automatic brake controlling means 105 
which actuates the brake according to the command 
values sent from the running control means 101, a 
brake driving means 109, a display means 111 which 
displays information sent from the running control 
means 101 on-screen, a control setting means 121 
which sets values and sends them to the running control 
means, a maximum slow speed canceling means 122, 
an accelerating means 123, a decelerating means 124, 
a control canceling means 116, a system start/stop 
means 117, a manual accelerating means 118, and a 
manual braking means. 

[0015] Fig. 2 shows the transition of states of the 
system given in Fig. 1. The running control system has 
a functional stop status 201 in which the system stops, 
a standby status 202 in which no control is made, and 
four operation states. The operation states are "Run- 
ning at a preset speed" mode 203, "Fast follow-up" 
mode 204, "Slow follow-up" mode 205, and "Manual 
brake" mode 206. Among of these states, the "Running 
at a preset speed" mode 203 has three sub-modes. 



They are "Running at a constant speed" 212, "Acceler- 
ating" 213, and "Decelerating" 214. The "Fast follow-up" 
mode 204 is further divided into a "Fast follow-up" state 
208 and a "Fast automatic brake" status 209. Similarly, 

5 the "Slow follow-up" mode 205 is further divided into a 
"Slow follow-up" state 210, a "Slow automatic brake" 
status 211, and a "Running at maximum slow speed" 
state 220. When a "cont" signal is entered from the can- 
celing means 116 in any of these modes, the running 

10 control system enters the functional stop status 201. 
When a "cancel" signal is entered from the canceling 
means 116 in any of these modes, the running control 
system enters the standby status 202. When the man- 
ual accelerating means 1 1 8 is turned on, the automatic 

75 brake status is canceled. 

[0016] As shown in Fig. 2, when an "Up" signal is 
entered from the accelerating means 123 in the "Run- 
ning at a constant speed" sub-mode 212, the running 
control system enters the "Accelerating" sub-mode 213 

20 and increases the velocity of the automobile. Similarly, 
when a "Down" signal is entered from the decelerating 
means 124, the running control system enters the 
"Decelerating" sub-mode 214 and reduces the velocity 
of the automobile. When the distance measuring means 

25 102 detects an object ahead of the automobile in any 
sub-mode of the "Running at a preset speed" mode 
203, the running control system enters the "Fast follow- 
up" mode 204 if the velocity of the automobile Vs is over 
the maximum slow velocity Vup or the "Slow follow-up" 

30 mode 205 if the velocity of the automobile Vs is under 
the maximum slow velocity Vup. 
[0017] Fig. 3 shows relationships of respective set- 
ting means (in Fig. 1), operating status, and signal sym- 
bols (in Fig. 2). 

35 [0018] Below will be explained details of the first 
embodiment of the present invention, referring to Fig. 4 
through Fig. 6. 

[0019] Fig. 4 assumes that the running automobile 
400 is equipped with a nearby object detecting unit 

40 including the distance measuring means 102 to meas- 
ure the distances between the automobile and objects 
ahead of the automobile, relative velocities of the 
objects, and moving directions of the objects and that a 
running automobile 410 and a stationary object 420 

45 (such as a post) are ahead of the automobile 400. 

[0020] Fig. 5 graphically shows the relationship 
between the ground velocity of a nearby object (on the 
X-axis) and the car-to-car space (on the Y-axis). The 
positions of the forerunning automobile 410 and the sta- 

50 tionary object 420 can be plotted on the graph of Fig. 5. 
In Fig. 5, the level of danger becomes smaller as you go 
further in the up and right direction and greater as you 
go further in the down and left direction. In other words, 
the area above the line 501 has a low danger level, the 

55 area between lines 501 and 502 has a medium danger 
level, and the area below the line 502 has a high danger 
level. These lines vary in proportion to the velocity of the 
automobile. For example, when the velocity of the fore- 
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running automobile is equal to the velocity of the current 
automobile, the line 502 indicates a distance that the 
current automobile travels per second (approximately 
14 meters at a velocity of 50 km/hour) and the line 501 
indicates a distance that the current automobile travels 
for three seconds (approximately 42 meters at a velocity 
of 50 km/hour). 

[0021] Fig. 6 shows a flow of identifying a target by 
the target identifying means 120 of the first embodi- 
ment. Step 601 checks whether any of the objects 
detected by the nearby object detecting unit 401 is in 
the way of the current automobile. When no object is in 
the way of the current automobile, the nearby object 
detecting unit 401 ends without performing any control. 
When any object is in the way of the current automobile, 
the nearby object detecting unit 401 checks the running 
mode of the current automobile in Step 602. Control is 
transferred to Step 603 when the mode is any of "Run- 
ning at a preset speed," "Fast follow-up," and "Slow fol- 
low-up" modes. In the other running mode, the nearby 
object detecting unit 401 determines a warning level 
from the danger level of the object detected in Step 608 
and outputs warning information in Step 609. As one of 
methods of determining a danger level, the nearby 
object detecting unit 401 employs a method of using 
information of a velocity of the forerunning object, a dis- 
tance between the current automobile and the forerun- 
ning object and information of the velocity and direction 
of the current automobile in combination. 
[0022] In Step 603, the nearby object detecting unit 
401 checks whether the current automobile is in the 
"Fast follow-up" mode 204. When the current automo- 
bile is not in the "Fast follow-up" mode 204, all objects 
that are detected are selected as targets in Step 610. 
When the current automobile is in the "Fast follow-up" 
mode 204, Step 604 calculates the ground velocity Vp 
of each of the objects which are detected in Step 604. 
Step 606 selects objects whose ground velocities are 
over a preset velocity Vlimit. 

[0023] In Step 607, the nearby object detecting unit 
401 outputs information about a target which is selected 
in Step 606 or 610 to the running control means 101. 
Step 606 uses the area A in Fig. 5 as the area for the 
ground velocity Vlimit or higher for judgment. The Vlimit 
value in Fig. 5 is about 60% to 80% of the velocity of the 
current automobile although it varies according to the 
velocity of the current automobile. 
[0024] Fig. 7 shows anotherflow of identifying a tar- 
get by the target identifying means 120 of the first 
embodiment. The flow in Fig. 7 is almost the same as 
that in Fig. 6 except for Step 620. In the flow of Fig. 7, 
Step 620 selects an object whose ground velocity is 
over Vlimit or whose car-to-car space is under Dth (area 
B in Fig. 5) and outputs information of the target which 
is selected in Step 607 to the running control means 
101. The Dth value is approximately 30 meters to 80 
meters although it varies according to the velocity of the 
current automobile. 



[0025] Below will be explained the operations of the 
"Fast follow-up" mode 204 of the first embodiment, 
referring to Fig. 8. In this mode, the running control sys- 
tem checks the status of respective setting means at 

5 preset time intervals (10 msec to 200 msec) and per- 
forms processing according to the status. Step 701 
checks the status of the system start/stop means 1 1 7. 
When the means 117 is operated to stop, the system 
enters the function stop mode 201 (in Step 708). Step 

10 702 checks the status of the canceling means 116. 
When the means 1 1 7 is operated to cancel, the system 
enters the standby mode 202 (in Step 709). Step 703 
checks the status of the manual braking means 106. 
When the means 1 06 is operated, the system enters the 

75 manual braking mode 206 (in Step 710). 

[0026] Step 704 checks whether there is an auto- 
mobile in the way of the current automobile from infor- 
mation of targets which are selected and sent from the 
target selecting means 1 20. When Step 704 judges that 

20 no automobile is in the way of the current automobile, 
the running control system enters the "Running at a 
constant velocity" mode 203 (in Step 71 1). When Step 
704 judges that an automobile is in the way of the cur- 
rent automobile, Step 705 calculates an optimum veloc- 

25 ity Vs of the current velocity to keep an optimum space 
between the current automobile and the target from 
information such as a distance between the current 
automobile and the target and the relative velocity of the 
target. 

30 [0027] When Step 706 judges that the calculated 
velocity Vs is less than the preset velocity Vth, the sys- 
tem enters the "Slow follow-up" mode 205 (in Step 71 2). 
In this case, Vth is a velocity at which the mode changes 
from the "Fast follow-up" mode to the "Slow follow-up" 

35 mode and it is approximately 40 km/hour to 60 km/hour. 
When Step 706 judges the calculated velocity Vs is not 
less than the preset velocity Vth, the system remains in 
the "Fast follow-up" mode and Step 707 controls the 
velocity of the automobile to keep an optimum space 

40 between the current automobile and the target object. 
[0028] Below will be explained the operations of the 
"Slow follow-up" mode 205 of the first embodiment, 
referring to Fig. 9. In this mode, the running control sys- 
tem checks the status of respective setting means at 

45 preset time intervals (10 msec to 200 msec) and per- 
forms processing according to the status. Steps 701 
through 703 and 708 through 71 0 in Fig. 9 are the same 
as those of Fig. 8. When Step 703 finds, that the brake 
is not manually turned on, step 804 calculates an opti- 

so mum velocity Vs of the current automobile from informa- 
tion of a target which is selected and sent by the target 
selecting means such as a distance between the cur- 
rent automobile and the target and the relative velocity. 
[0029] Step 805 compares the calculated velocity 

55 Vs by the preset high-limit velocity Vup (approx. 40 
km/hour to 60 km/hour). When the calculated velocity 
Vs is greater than the preset high-limit velocity Vup, the 
system enters the "Running at the maximum low veloc- 
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ity" status 220 (in Step 808) to run the automobile at the 
maximum low velocity Vup. 

[0030] When the calculated velocity Vs is less than 
the preset high-limit velocity Vup (in Step 805), Step 806 
controls the velocity of the current automobile to keep 5 
an optimum space from the forerunning automobile. In 
this case, the maximum slow velocity Vup is equal to or 
greater than the preset velocity Vth at which the mode 
changes from the "Fast follow-up" mode to the "Slow fol- 
low-up" mode. io 
[0031] Below will be explained the operations of the 
embodiment of the present invention in the "Running at 
the maximum low velocity" status 220, referring to Fig. 
1 0. Steps 701 through 703 and 708 through 71 0 in Fig. 
1 0 are the same as those of Fig. 8. When Step 703 finds is 
that the brake is not manually turned on, Step 904 
checks the status of the maximum slow speed canceling 
means 1 22. When the means 1 22 is not turned on, step 
905 sets the system in the "Running at the maximum 
slow velocity" status 220 to run the current automobile 20 
at the maximum slow velocity. When Step 904 finds that 
the maximum slow speed canceling means 122 is 
turned on, control is transferred to Step 906. Step 906 
checks whether any automobile is in the way of the cur- 
rent automobile from target information sent from the 25 
target identifying means 120. When it is found that any 
automobile is in the way of the current automobile, the 
system enters the "Fast follow-up" mode 204 (in Step 
907). When it is found that no automobile is in the way 
of the current automobile, the system enters the "Run- 30 
ning at a preset velocity " mode 203 (in Step 908). 
[0032] As described above, in accordance with the 
present invention, an automobile running control sys- 
tem having "Fast follow-up" and "Slow follow-up" modes 
can cruise the automobile at an optimum car-to-car 35 
space in all running ranges (from slow cruising in a 
heavy traffic condition to fast cruising) by controlling the 
velocity of the automobile so that the current automobile 
may keep an optimum space from the detected forerun- 
ning object which is faster than the preset ground veloc- 40 
ity in the "Fast follow-up" mode. When the fast follow-up 
velocity of the automobile falls under the preset velocity, 
the system automatically enters the "Slow follow-up" 
mode, which reduces the driver's burden. 
[0033] Further, the safety and convenience of the 45 
automobile can be improved and assured when the sys- 
tem is equipped with a means which suppresses cruis- 
ing at a velocity higher than a preset velocity limit when 
the target velocity goes higher than the preset velocity 
limit and enables manual cancellation of cruising at a 50 
high-limit velocity. 

Claims 

1. A running control system for an automobile (400) 55 
comprising: 

nearby object detecting component (401) for 



detecting an object ahead of the automobile 
(400) and calculating the space between the 
automobile (400) and the object and the rela- 
tive velocity of the object; 
component for detecting the velocity of the 
automobile (400); and 

velocity controlling component for automati- 
cally controlling the velocity of the automobile 
(400); 

wherein said running control system has at 
least two cruising modes such as a slow follow- 
up mode (205) and a fast follow-up mode (204) 
and lets said velocity controlling component 
control the velocity of the automobile (400) to 
keep a preset constant space between the 
automobile (400) and an object detected by 
said nearby object detecting component (401) 
in said slow follow-up mode (205) or to keep a 
preset constant space between the automobile 
(400) and only one of objects detected by said 
nearby object detecting component (401) that 
is faster than a preset ground velocity in said 
fast follow-up mode (204). 

2. A running control system for an automobile com- 
prising: 

nearby object detecting component (401) for 
detecting an object ahead of the automobile 
and calculating the space between the automo- 
bile (400) and the object and the relative veloc- 
ity of the object; 

component for detecting the velocity of the 
automobile (400); and 

velocity controlling component for automati- 
cally controlling the velocity of the automobile 
(400); 

wherein said running control system has at 
least two cruising modes such as a slow follow- 
up mode (205) and a fast follow-up mode (204) 
and lets said velocity controlling component 
control the velocity of the automobile (400) to 
keep a preset constant space between the 
automobile (400) and an object detected by 
said nearby object detecting component in said 
slow follow-up mode (205) or to keep a preset 
constant space between the automobile (400) 
and only one of objects detected by said 
nearby object detecting component (401) that 
is faster than a preset ground velocity or that is 
closer to the automobile (400) in said fast fol- 
low-up mode. 

3. A running control system for an automobile com- 
prising: 

nearby object detecting component (401) for 
detecting an object ahead of the automobile 
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(400) and calculating the space between the 
automobile (400) and the object and the rela- 
tive velocity of the object; 
component for detecting the velocity of the 
automobile (400); and 5 
component for automatically controlling the 
velocity of the automobile (400); 
wherein said running control system has at 
least two cruising modes such as a slow follow- 
up mode (205) and a fast follow-up mode (204) 10 
and further comprises component which auto- 
matically changes from said fast follow-p mode 
(204) to said slow follow-up mode (205) when 
the ground velocity of a nearby object falls 
under a preset velocity. is 

4. A running control system for an automobile com- 
prising: 

nearby object detecting component (401) for 20 
detecting an object ahead of the automobile 
(400) and calculating the space between the 
automobile (400) and the object and the rela- 
tive velocity of the object; 

component for detecting the velocity of the 25 
automobile (400); and 

velocity controlling component for automati- 
cally controlling the velocity of the automobile 
(400); 

wherein said running control system has at 30 
least two cruising modes such as a slow follow- 
up mode (205) and a fast follow-up mode (204) 
and controls so that the automobile (400) may 
run at a preset maximum slow velocity or less 
in said slow follow-up mode (205). 35 

5. A running control system for an automobile (400) in 
accordance with claim 4, wherein said system is 
equipped with component (1 1 6) for cancelling said 
slow follow-up mode by the driver. 40 

6. A running control system for an automobile (400) in 
accordance with claim 1, wherein said system is 
equipped with audio and visual for giving informa- 
tion about the running status of the automobile 45 
(400) and information of nearby objects by sounds 
and lights. 
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